Successful completion of delayed intentions is a common but important aspect of daily behavior. Such behavior requires not only memory for the intended action but also recognition of the opportunity to perform that action, known collectively as prospective memory. The fact that prospective memory tasks occur in the midst of other activities is captured in laboratory tasks by embedding the prospective memory task in an ongoing activity. In many cases the requirement to perform the prospective memory task results in a reduction in ongoing performance relative to when the ongoing task is performed alone. This is referred to as the cost to the ongoing task and reflects the allocation of attentional resources to the prospective memory task. The current study examined the pattern of cost across the ongoing task when the ongoing task provided contextual information that in turn allowed participants to anticipate when target events would occur within the ongoing task. The availability of contextual information reduced ongoing task response times overall, with an increase in response times closer to the target locations (Experiments 1-3). The fourth study, drawing on the Event Segmentation Theory, provided support for the proposal made by the Preparatory Attentional and Memory Processes theory of prospective memory that decisions about the allocation of attention to the prospective memory task are more likely to be made at points of transition.
Often we form an intention to perform an action, but cannot immediately perform the action and instead must remember to carry out the intended action at a later time. Performance of these delayed intentions is called prospective memory (PM). Unlike retrospective memory, cues for PM rarely include explicit retrospective memory instructions. If someone asks you about last night's dinner, a retrospective memory request, you try to remember. In contrast, if you earlier formed an intention to give this same person a message the next time you saw her, encountering her does not come with a request to engage intentional memory to decide if something needs to be done. Indeed you are typically involved in some other activity when you encounter the PM target, in this case answering her question about dinner, which further complicates the performance of PM tasks, as well as our understanding of the interaction of both tasks.
Cost to the Ongoing Task
As just noted, successful completion of delayed intentions routinely occurs in the context of other ongoing activity such as remembering to buy a bottle of wine on the way home when you are driving, listening to music, and thinking about the day. To model the normal circumstances of PM, Einstein and McDaniel (1990) introduced what has become the laboratory workhorse for studying PM. In this paradigm, the participant is given an ongoing task (e.g., lexical decision) with the additional instruction to make a special response in the presence of a particular PM target event, for example, press the F1 key if you see the word TREE.
One theoretical perspective is that retrieval of a delayed intent requires some amount of attentional capacity, a possibility that can be tested by examining ongoing task performance. Smith (1999 Smith ( , 2003 discovered that performance on an ongoing task in which a PM task is embedded was impaired relative to performance on that same ongoing task in the absence of PM instructions. This observation was motivated by Smith's hypothesis that resource demanding preparatory attentional processes allow us to be prepared to recognize a PM target event as an opportunity to perform an intended action (Smith, 2003 (Smith, , 2008 (Smith, , 2010 (Smith, , 2016 . That is, preparatory attentional processes allow the mailbox to be recognized not just as a mailbox but as a signal that you can complete the task of mailing a letter.
Subsequent research from various laboratories confirmed the finding of a cost to ongoing activities from maintaining an intention across a variety of situations (see Smith, Hunt, McVay, and McConnell (2007) and Smith (2016) for reviews). Importantly, studies have shown a direct relationship between the amount of cost and successful PM performance (Loft & Humphreys, 2012; Smith & Bayen, 2004) . The two prominent theories of retrieval in PM, the multiprocess view (MPV; McDaniel & Einstein, 2007) and preparatory attentional processing and memory (PAM) theory (Smith, 2003 (Smith, , 2008 (Smith, , 2010 , are now in agreement on the importance of resource demanding processes for many PM tasks. The only substantial difference between the theories is that MPV argues that monitoring is not necessary for certain focal PM task, where a task is considered focal if the defining characteristics of the target event are processed in the course of the ongoing task (Harrison & Einstein, 2010) . That difference is irrelevant for purposes of our current experiments, all of which involve nonfocal PM tasks.
An alternative interpretation of ongoing task costs was recently presented by Heathcote, Loft, and Remington (2015) . Beginning with the assumption "ongoing task responses and PM task responses compete in a race for response selection," Heathcote et al. applied a linear ballistic accumulator model 1 to a number of data sets and found that the cost to the ongoing task was attributable entirely, with one exception when using the accumulator model, to an increased threshold for responding on the ongoing task and not to parameters that would reflect capacity sharing. They conclude the following:
We interpreted this finding as a failure to support the central tenant of all current PM theories that PM costs occur because the ongoing task and PM task share limited-capacity resources, such that PM demands reduce the capacity available to the perform the ongoing task. . . . It is important to note that we are not denying the possibility that capacity-demanding PM control processes are used by individuals with PM demands; we did not test this premise. Instead, the crucial point we are making is that we found very little support for the core and explicit assumption of all current PM theories that these PM processes draw resources away from ongoing task processing (i.e., that there is capacity sharing). (p. 403) As noted in the above quote from Heathcote et al. (2015) , the authors do not rule out the possibility that PM tasks require capacity. In fact, Heathcote et al. propose that evidence for capacity sharing might emerge in real world safety critical tasks, such as air traffic control, or when the importance of the PM task is emphasized. They also propose that evidence for a sharing of capacity between the PM and ongoing tasks might emerge when "targets are perceptually nonfocal to ongoing task demands (e.g., Hicks, Cook, & Marsh, 2005 )" (p. 404). In the referenced Hicks et al. paper, the perceptually nonfocal PM cue was the color of a border around the letter string in an ongoing lexical-decision task and processing of the color of the border was not required to complete the lexical-decision task. Similarly, in our experiments the ongoing task of counting the people in photographs does not require processing of the PM event information in the photograph. Therefore our PM and ongoing task appear to fit just the sort of case in which Heathcote et al. might expect to find evidence of capacity sharing. Moreover, Heathcote et al.'s point involves interpretation of the cost to the ongoing task and not a proposal that there would not be a cost to the ongoing task. We return to discussion of the interpretation of cost in the current experiments in the general discussion, but the primary point here is that it appears that Heathcote et al. would also expect to find a cost to the ongoing task and potentially evidence for cost sharing in the current experiments.
The Importance of Context
The research to be reported here is motivated by the question of how to describe the policy of allocating attention 2 between the PM and the ongoing task. Withdrawing some capacity from ongoing activity to devote to the PM task can have clear benefits if the opportunity to satisfy a delayed intention is imminent, but in the absence of that opportunity, allocation of capacity to the PM task would encumber a cost to ongoing activity with no potential benefit. Thus, it is important to understand what controls the decision to allocate resources for preparatory attentional processing at any point in time.
A promising start toward an answer to this question is available from research showing that no cost to ongoing performance occurs if the participant knows that the PM target will not appear in that context. As reviewed by , studies that have demarcated clearly the blocks of trials which contain a PM target event from those that will not include a PM target find no cost to ongoing performance unless the context is relevant for a PM response (Cook, Marsh, Clark-Foos, & Meeks, 2007; . Other studies have found a cost on irrelevant trials, albeit often reduced from relevant trials, but in those studies the context is less predictive of the appearance of a PM target because in many cases the relevant and irrelevant trials alternated randomly so that it was not possible to predict in advance of the presentation of the stimulus on a given trial whether the particular trial would be relevant (Cohen, Jaudas, Hirschhorn, Sobin, & Gollwitzer, 2012; Kuhlmann & Rummel, 2014; Lourenço & Maylor, 2014; Lourenço, White, & Maylor, 2013; Marsh, Cook, & Hicks, 2006, Experiment 1B) . Additional details can be found in Table 1 of Smith, in press) . Although prior research clearly shows that contextual cues can be used in the decision to engage preparatory attentional processing, the current work breaks new ground by examining the effects of a predictable context within the ongoing task block.
Current Experiments
The current experiments build on the previous studies by investigating the role of familiar context on PM performance. As noted above, prior research on context and the cost to the ongoing task has established that cost to the ongoing task can be controlled by knowledge that the PM target will or will not appear in a given block of trials. Our goal is to determine whether spatial context can be used for finer-grained control of cost to the ongoing task when that context is familiar and can be used to predict the occurrence of the target events. The most efficient allocation policy would deploy resource demanding processes when the PM target is imminent and thus, in a familiar environment with a PM target at a known location, the capacity devoted to monitoring should increase as the target location approaches.
Results consistent with this hypothesis can be found in studies of time-based PM. When the PM instructions require a response following a specified elapsed time, the frequency of clockchecking is a positive exponential function of elapsed time (e.g., Einstein et al., 1995; Kerns, 2000; Harris & Wilkins, 1982; Voigt, Aberle, Schönfeld, & Kliegel, 2011; Park et al., 1997; Zinke et al., 2010) . Clock-checking is an objective index of monitoring time in the time-based task, and the J-shaped function of clock-checking reflects graded increases in capacity allocation to the PM task as the target time approaches. We suspect that a similar pattern of cost will be obtained in an event-based PM task in a familiar environment.
To date, the instructions for event-based PM tasks in most laboratory studies specify the overall ongoing task block in which the PM target(s) will occur, but the location of the target(s) within the block is unpredictable and only the overall reaction time (RT) 3 for the ongoing task is provided. In these cases participants have no basis for adjusting attentional allocation throughout the ongoing task block. In our day-to-day environment, however, such an allocation policy (i.e., devoting capacity to monitor for the PM target when the target is still at some distance in space/time) would be inefficient. Rather, we suspect that the familiarity of the dayto-day environment allows for graded allocation of capacity for the PM task as a function of distance to the PM target in a pattern similar to that seen for monitoring the clock when moving through time.
The prior work most relevant to this hypothesis is from a study by Sellen, Louie, Harris, and Wilkins (1997) , who asked participants to perform two PM tasks in their workplace. The building contained sensors that would record presses of a button on badge worn by the participants. Participants were instructed to "triple click" the button two times at a specific place in the building. Participants also were instructed to "triple click" one time whenever they thought about the task. The single "triple clicks" provided a measure of the participants monitoring for the PM task. For this event-based task, single triple-clicks increased in frequency as participants approached the target location, 4 mimicking typical clock-checking behavior in time-based PM. Although informative, interpretation of the Sellen et al. data is complicated by the fact that their measure of monitoring was essentially a second PM task. Participants had to remember to triple-click the button once for a thought. Consequently it is possible that monitoring actually occurred more frequently than indicated by the single triple-clicks, but participants sometimes forgot to press the button when thinking of the PM task. A more straightforward and potentially more reliable measure of monitoring is to embed the PM task in an ongoing task on which performance is measured. Doing so allows us to obtain an index of the extent to which attention is allocated to the PM task at the expense of the ongoing task without requiring participants to make a separate response indicating monitoring.
We also used the ongoing task to address the principal question motivating these experiments: can ongoing context be used to more efficiently allocate resources in anticipation of the occurrence of PM target events? We approached this question by embedding the PM task in an ongoing task that either allowed anticipation of the PM target or not. Specifically, the ongoing task required participants to examine pictures and indicate whether or not the picture contained six or more people. The pictures were scenes from the campus at the University of Texas at San Antonio and, when presented in an ordered array, the photographs depicted a walk around campus and through buildings. For the PM task, participants were asked to complete four "errands" at target locations. For instance, participants were asked to remember to pick up test forms at the bookstore. When participants saw a photograph of the target location, they were to press the zero key, which in turn resulted in the appearance of a response box in which they typed a description of the errand to be completed at this location. Cost was indexed by measuring the RT to the ongoing task.
5
The key manipulation in the first two experiments was the order in which the ongoing task stimuli were presented. One group saw the pictures in order, as if they were walking a path on campus. A second group received a random presentation of the pictures. The random group represents the typical laboratory study of eventbased PM, in which participants cannot anticipate the occurrence of the target event(s) within a given ongoing task. The first experiment also included a third group of participants who completed the ongoing task without the embedded PM task and served as a control condition for examining cost to the ongoing task.
Both of the PM groups were expected to be slower to react to the ongoing task than a control condition with no PM task, reflecting 3 There are exceptions to reporting a single mean RT. For example, Loft, Kearney, and Remington (2008) compared the mean RT for the first 584 trials of the ongoing task was to the mean for the last 100 trials. When PM targets appeared during the first 584 trials, the cost in the remaining 100 trials was relatively stable. In contrast, when no PM targets appeared, the final 100 trials were performed more quickly. Einstein et al. (2005) examined ongoing task performance across blocks of trials and found bother stability and a decrease, depending upon condition. See also Scullin, McDaniel, and Shelton (2013) . 4 Sellen et al. (1997) also included a time-based task and responses showed an increase in thoughts about the task in the hour just before the target time, but within that hour the number of thoughts did not show the increase as the target time approached that would be expected based on other studies (e.g., Harris & Wilkins, 1982) , perhaps because indicating that one is thinking of the task by badge presses is not the same as checking the clock. 5 Farrimond, Knight, and Titov (2006) also used photographs and errands to study prospective memory. They created a computerized shopping trip by linking a series of photographs of a shopping center. Participants were asked to memorize 14 errands, which they were asked to complete while "walking" around the shopping center. In the Farrimond et al. study, participants simply viewed the photographs, but did not have to engage with the stimuli beyond remembering the errands, thus, the Farrimond et al. study did not include a cost measure. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
the cost of preparatory attentional processing. More interesting is the comparison of the ordered and random PM conditions. If context is useful for signaling allocation of resources to the PM task, the ordered condition should respond faster than the random condition to the ongoing task. Moreover, use of context for efficient allocation of capacity should produce a pattern of costs in the ordered condition that is similar to the pattern of clock checking normally seen in time-based PM tasks, with increasing cost as the target location is approached in the ordered condition. In contrast, the random condition is expected to produce a stable cost across the ongoing task interval, as is seen in typical laboratory eventbased tasks in which the occurrence of the target event cannot be anticipated. The third experiment required only one errand PM task with the target location either at the beginning or the end of the ongoing task with the goal of determining whether the pattern of increasing cost as the target location is approached would extend over all of the ongoing task trial.
Context and Decisions to Engage Preparatory Attentional Processes
The first three experiments were motivated by the assumption that decisions to engage preparatory attentional processes can be tied to events in the environment. The final study addresses the issue of what these events are. The PAM theory proposes that successful PM performance depends upon decisions about possible responses to environmental events and these decisions include the decision to engage preparatory attentional processing. Preparatory attentional processes include a readiness to change our responses to events from the ongoing task response to the PM response, but preparatory attentional processes also involve decisions about when this readiness is needed. Once engaged, preparatory attentional processing supports decisions about the appropriate behavior in the presence of potential PM targets. These decisions about engaging attention and about response selections require capacity (Pashler, 1999) . The PAM theory assumes that transition points can serve as one mechanism for triggering decisions to engage preparatory attentional processes. For example when one finishes a task, say writing a review, one is likely to explicitly monitor for upcoming tasks, most of which likely are delayed intentions. Evidence shows that decisions are made to engage preparatory attentional processes at transition between activities . In the final study we investigate the role of transition points between locations in a familiar space in engagement of preparatory attentional processing. We use techniques developed in the study of event perception (Newtson, 1976) to establish the perceived spatial boundaries in the path depicted by our photographs. A separate group of participants viewed the photographs and provided their perception of the boundaries between spatial locations. We then used the consensual boundaries to conduct additional analyses of the data from the first three experiments. The results suggest that spatial transitions, just as transitions in activities, can serve to engage preparatory attentional processing.
Experiment 1
The first experiment investigated participants' use of familiar contextual information to reduce their overall cost to the ongoing task and whether the pattern of cost would mimic the pattern of clock-checking seen in time-based PM studies. Participants saw a series of photographs depicting familiar campus scenes. A PM task was embedded in two of the conditions requiring participants to perform an appropriate action when they encountered the picture of the location that allowed the task, for example, withdraw money when you are at the ATM. For one of these conditions, the photographs were shown in order following a particular path through campus. The other PM condition received a random presentation of the photographs. The expectation was that the ordered group would show lower overall costs than the random group and also would show a pattern of cost that increased as they approached the target whereas the cost in the random condition would remain stable. A third condition saw the photographs and performed the ongoing task but had no PM instructions. This condition provided a baseline for the ongoing task against which to assess the cost of adding PM instructions in the other two groups.
Method
Participants and design. Participants in all experiments were students at UTSA between the ages of 17 and 30. Participants in Experiment 1 received course credit or $20 compensation and were randomly assigned to one of three groups. The control group performed the ongoing task without the PM task. The ordered group performed the PM task and saw the pictures in order as if walking around campus. The random group performed the PM task, but saw the pictures in a random order. 6 The number of participants included each group in all experiments can be found in Table 1 .
Materials and equipment. Picture stimuli were created using a digital camera, a standard tripod (to ensure that photos were taken at same height), and 11 volunteers, all of whom signed a release form for the use of their image. The volunteers were college-aged and dressed as they would normally dress for class. Photos were taken approximately five feet apart. Each five foot interval location was considered a separate scene and two photos were taken of each scene, one with 0 people and one with 11 people. Photographs were then edited so that individuals were cropped out from the photo containing 11 people and layered over the identical photo with 0 people to create photographs containing from 0 to 11 people. A different set of 120 photos was created for each of two blocks of trials such that each scene was used once in each block, but the number of people in a given scene was never identical across the two blocks. 6 The targeted sample size was 120 participants to achieve a power of at least .85 to detect medium sized main effects and any interaction with an alpha level of .05 in the subinterval analysis of RT, the primary analysis of interest. Of the 124 participants who completed the study, three were excluded because they responded "no" on more than 80% of trials in the baseline block of the ongoing task, one was excluded because response times in baseline were more than 4 SDs above the mean, and one was excluded because they had more than 5 PM false alarms, suggesting that they did not understand the task. Finally, one participant was excluded because they reported being hung over (and appeared to be so). The resulting power to detect medium sized effects was .84. GPower 3.1 was used to conduct the power analyses (Faul, Erdfelder, Buchner, & Lang, 2009 ). This document is copyrighted by the American Psychological Association or one of its allied publishers.
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For each block a random order was created for assigning the number of people to appear in a given scene to create a random order of yes trials (six or more people) and no trials (fewer than six) in the ongoing task. Half of the trials were yes trials and half were no trials. Four of these photographs included the target locations where the PM task was to be performed, two of which were yes trials and two of which were no trials. An additional set of photographs was created in the same way for the practice blocks. The same photographs were used for all conditions, with the order of appearance of the scenes varied in accord with the ordered and random conditions (pictures occurred either randomly or in order in the practice block and Blocks 1 and 2). In the control group that only performed the ongoing task, half of the participants saw the pictures in order and half saw the pictures randomly. These subgroups did not differ in their ongoing task performance, all ps Ͼ .19, and were treated as a single control group. Instructions and stimuli were presented and responses collected using a computer program written with the E-prime 2.0 software package (Schneider, Eschman, & Zuccolotto, 2002) .
Procedure. Participants were tested one or two at a time in sessions lasting about 45 min.
Block 1 of the ongoing task. In the first block of trials, participants read instructions for the ongoing task informing them that they would see photographs one at a time. They were instructed to press the "Y" key if a photograph included six or more people and to press the "N" key if the photograph included fewer than six people. A practice block of eight trials, followed by an opportunity to ask questions, preceded the first block of 120 trials.
PM instructions and practice. Following Block 1 all participants were informed that they had completed the first part of the picture task and that they would read additional instructions and complete other tasks before performing the second part of the picture task. The control condition proceeded to the filler task (described below). The PM groups were instructed that they would perform an additional "errand" task in the second part of the ongoing task and were given a practice errand task. The practice errand task was to buy coffee at the coffee shop in the library building. They completed six picture trials with the practice errand location appearing on the third trial. Errands were completed by pressing the 0 key when a picture showed the target location. Pressing the 0 key brought up a response box in which participants were instructed to type the description of the action to be performed. When participants finished typing the errand descriptions, they pressed the enter key which closed the response box and initiated the next picture task trial. After the PM practice task was completed and questions answered, participants were told that they did not need to remember the practice errand and instead would learn four errands that they should try to remember to perform in the second block of the picture task. The errands were to (a) buy test forms at the bookstore, (b) get $20 from the ATM in a specified building, (c) pick up forms from the financial aid office, and (d) pay a parking ticket at the cashier's office in the parking garage.
Filler task. Before starting Block 2 of the ongoing task, all participants completed a filler task in which they saw letters from A to Y presented individually in the center of the screen. Participants were asked to quickly and accurately press the key corresponding to the next letter in the alphabet. The filler task delay, including time to read the instructions, lasted five minutes.
Block 2. After the filler task, participants completed the second block of 120 picture trials. No reminders were provided for the PM task. Target location pictures appeared on Trials 23, 46, 70, and 118 in both the ordered and random conditions. Posttask questionnaires. Upon completion of Block 2, participants in the PM groups were asked to recall the basic action (press the zero key) for the PM errand task and all participants were able to do so. Participants in the PM groups also completed a target recognition test in which they were shown eight photographs, four of which were the target photographs. The nontarget photographs contained scenes that were no more than three scenes away from the target location. Participants were asked to press Y or N keys to indicate whether each photograph depicted a target location. Following the target recognition test, participants in the PM groups were shown the four target photographs and were asked to type the errand that corresponded to each target location.
All participants completed a 16-item campus familiarity questionnaire. The analysis of responses to the questionnaire can be found in the appendix for all experiments. The groups differed on just one question, with participants in the random condition reporting more frequent visits to the bookstore. As described in the Appendix, including responses to this question as a covariate did not change the outcome of any of the analyses and the groups were otherwise well matched in their responses to the campus familiarity questionnaire.
Results and Discussion
Ongoing task. Because the pattern of cost is the primary measure of interest, we present the analysis of ongoing task response times (RT) first, followed by analysis of the PM task related variables.
7 In preparing the ongoing task data for analysis, we first excluded the prospective memory target trials and the two trials following the prospective memory target trials to avoid finding a cost attributable to having just performed the task (e.g., Horn, Bayen, Smith, & Boywitt, 2011) . The same trials were excluded for the analysis of both blocks. Response time (RT) analyses included only those trials for which an accurate ongoing task response was made. Before analysis, RT data were trimmed by excluding RTs of less than 200 milliseconds or more than two and a half standard deviations from the individuals' mean with the means and standard deviations calculated separately for yes and no trials in each block. Overall RT analysis. Table 1 shows the mean RTs for each group in each block. The groups did not differ in baseline Block 1 RTs, F Ͻ 1, p ϭ .835, but the main effect of group was 7 The corrected hit rate for ongoing task accuracy (hit ϭ responding yes when there were six or more people; false alarm ϭ responding yes when there were fewer than six people) showed no effect of group for either baseline Block 1 (M ϭ .95, SE ϭ .01), F Ͻ 1, p ϭ .966, or Block 2 (M ϭ .93, SE ϭ .01), F(2, 115) ϭ 2.32, p ϭ .103, and we therefore focus on the analysis of RT in the text. 8 We conducted an initial analysis of overall ongoing task RTs that included the within-subject variable of trial type. The yes and no trials did not differ in the baseline block, p ϭ .245, and trial type and group did not interact, p ϭ .990. The pattern of RTs in Block 2 was the same for both trial types. Thus, we collapse over this variable in the presented analysis for the sake of conciseness. This document is copyrighted by the American Psychological Association or one of its allied publishers.
significant for RTs in Block 2, F(2, 115) ϭ 20.62, p Ͻ .001, p 2 ϭ .26. Planned comparisons using LSD demonstrated that both PM groups were slower than the control group, ps Ͻ .001, and the two PM group differed from one another, p ϭ .032. Thus, providing contextual support did decrease the cost to the ongoing task for the PM ordered group relative to the PM random group. The cost was not eliminated for the PM ordered group, as indicated by the significantly longer overall RTs for this group compared to the control condition.
RT subinterval analysis. In addition to investigating the effects of familiar contextual information on overall task RTs, we were also interested in whether the pattern of cost would differ across the ongoing task as a function of the distance to the next target location. This issue was addressed by examining RTs in subintervals leading up to the targets. The exact number of trials between target locations varied, but each target was preceded by at least 21 trials (excluding the two trials that followed the prior target). These trials were grouped into subintervals of seven trials each. With t ϭ the number of the target trial for a given interval, the first subinterval included trials t-21 to t-15, the second subinterval included trials t-14 to t-8, and the third subinterval included trials t-7 to t-1. The subintervals preceding all four targets were analyzed together in order to provide a reasonable number of observations for each subinterval, thus, the mean RT for Subinterval 1 included Trials 2 through 8, 25 through 31, 49 through 55, and 97 through 103, Subinterval 2 included Trials 9 through 15, 32 through 38, 56 through 62, and 104 through 110, and Subinterval 3 included Trials 16 through 22, 39 through 45, 63 through 69, and 111 through 117. The mean RTs for each subinterval are shown in Figure 1 .
A Two additional questions were addressed with independent t tests. First, will providing contextual information eliminate cost in the first subinterval when the target is most distant? Cost was not eliminated in the first subinterval as the PM ordered and control groups differed even in the first subinterval, t(77) ϭ 3.47, p ϭ .001. This could be because trials at the start of the Subinterval occur at the start of the ongoing task or shortly after a target has occurred. In the former case, participants in the PM condition might be making decisions about attentional allocation at the start of the task leading to greater RTs for the PM ordered group relative to control, an issue considered further in Study 4. Alternatively, a residual cost may have occurred due to the need to rehearse the four different PM errand tasks. The second question asked whether the two PM groups differed in the subinterval closest to the target. The difference between the PM ordered and PM random groups in Subinterval 3 was not significant, t(77) ϭ 1.20, p ϭ .234, thus the two PM conditions appear to allocate resources in a similar pattern at this point.
PM performance: Hits and false alarms. PM performance was analyzed in terms of lenient hits (pressed the zero key in response to a target picture), strict hits (also typed the correct errand), and conditional prospective memory accuracy (number of strict hits divided by the number of lenient hits). Means for each of these measures can be found in Table 2 . The two PM groups did not differ with respect to lenient hits, strict hits, or conditional prospective memory accuracy, all Fs Ͻ 1.39, ps Ͼ .24. We also examined PM false alarms (pressing the zero key on a nontarget trial; also shown in Table 2 ) and found that participants in the random condition on average made more than one PM false alarm compared to less than one per participant in the ordered condition, F(1, 77) ϭ 10.15, p ϭ .002, p 2 ϭ .12. Twenty-three participants in the PM random condition made at least one PM false alarm, compared to just nine participants making at least one PM false alarms in the PM ordered condition. All PM false alarms occurred either before the first target location was shown or at least two trials away from a target event (i.e., no false alarms occurred on the trial immediately following a target trial).
The false alarms occurred despite the fact that participants were instructed to make the PM responses only when they saw the target location, for example when they saw a picture of the bookstore or a picture of the ATM, not just a picture of the building where the target location was housed. It is possible that participants in the random condition made more PM false alarms because they were devoting resources to the PM task throughout the ongoing task, as shown by the response time data described above. If participants were actively thinking of the PM task more frequently this may have driven the higher rates of false alarms. Alternatively, presenting the pictures in order may have facilitated the process of correctly discriminating between the specific target and similar This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
nontarget locations. The latter interpretation is supported by the analysis of posttask target recognition.
Posttask measures.
Target recognition. The corrected hit rate on the posttask test of target picture recognition showed an effect of group, F(1, 77) ϭ 3.99, p ϭ .049, p 2 ϭ .05, with a higher corrected hit rate for the ordered group (M ϭ .89, SE ϭ .03) compared to the random group (M ϭ .77, SE ϭ .05). Given that the nontargets on the target recognition test were scenes that were very nearby the target location participants in the random condition may have taken these to be "close enough" to the target location. In contrast, having seen the pictures in order appeared to help participants in the PM ordered condition to distinguish between the specific location where the errand could be performed (e.g., seeing the ATM) and nearby locations (e.g., same building where ATM was located, but ATM not visible in picture). Consistent with this suggestion, the two groups did not differ in the proportion of target locations recognized, F Ͻ 1, p ϭ .456, (M ϭ .98 and M ϭ .97, for the ordered and random groups respectively, both SEs ϭ .01), but the ordered group had high accuracy on nontarget pictures on the posttask recognition test (M ϭ .91, SE ϭ .03), whereas the random group had relatively low accuracy on nontarget trials (M ϭ .79, SE ϭ .05), F(1, 77) ϭ 3.81, p ϭ .054, p 2 ϭ .05. Thus the difference in corrected recognition was driven by the higher false alarm rate in the random condition. We return to the issue of false alarms in the second experiment.
Posttask errand recall. The proportion of errands correctly recalled for each target location picture did not differ for the two PM groups, F Ͻ 1, p ϭ .680 (random group: M ϭ .94, SE ϭ .02; ordered group: M ϭ .95, SE ϭ .01).
Summary. The results from this first experiment suggest that moving through space in event-based PM tasks is similar psychologically to moving through time in specified time-based PM task. Familiar contextual information allowed participants to reduce overall cost relative to the condition in which upcoming location was unpredictable. In addition, the ordered PM condition allowed a more efficient distribution of resources between the ongoing and PM tasks, with greater cost to the ongoing task as the PM target location approached. This pattern parallels the pattern seen for clock-checking in time-based tasks. The contextual information did not increase PM performance for the ordered group relative to the random group, but did reduce incorrect PM responses. The unexpected effect of context on PM false alarms is investigated further in the second experiment.
Experiment 2
In the first experiment, the PM random group made more incorrect PM responses than did the PM ordered group. Participants in the PM random condition had larger and more consistent cost, indicating that they were devoting more resources to the PM task and potentially actively thinking of the PM task more frequently which could lead to more false alarms. Alternatively, the difference in posttask target recognition indicated that ordered presentation of pictures improved the process of correctly discriminating between the specific target and similar nontarget locations. In Experiment 1 participants were not shown the pictures of the target location at the time of encoding the PM errand tasks because we wanted to validly model extralaboratory PM tasks. Rarely do we see pictures of the locations for future intentions at the time the intention is formed. On the other hand, we may visualize target locations when forming event-based intentions. Presenting the pictures during errand task encoding would mimic this possibility and may reduce the PM false alarm rates for the PM random condition. Therefore, in the second experiment, pictures of the target locations were shown to participants at the time of encoding.
In addition, the second experiment provides the opportunity to replicate findings of overall and pattern of cost differences between the ordered and random conditions found in the first experiment. Because the results of the first experiment established the presence of an absolute cost in both PM conditions compared to a no PM control and because our interests are primarily in comparisons of costs between the ordered and random conditions, the second experiment did not include the no PM control.
Method
Participants and design. Participants received course credit and were randomly assigned to either the PM ordered group or PM random group. Materials, equipment, and procedure. The materials, equipment, and procedures matched those of the first experiment with the exception that at the time of encoding the four errand tasks, participants were shown the photograph of each target location, along with a description of the errand that was to be performed at that location. Photographs, with the description below the photograph, were shown individually for 30 seconds each. 9 A sample size of 100 was targeted to achieve a minimum power of .85 to detect medium sized main effects and any interaction in the subinterval analysis. Two of 106 participants recruited were excluded because they responded "no" on more than 80% of baseline ongoing task trials and two were excluded because they made more than 5 PM false alarms. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Results and Discussion
Ongoing task. The same data preparation procedures used for the analysis of Experiment 1 data were applied in this experiment.
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Overall RT analysis. The RTs for each block can be found in Table 1 . Baseline RTs did not differ between the groups, F Ͻ 1, p ϭ .532, but the main effect of group was significant for RTs in Block 2, F(1, 100) ϭ 4.45, p ϭ .037, p 2 ϭ .04. As in the first Experiment, providing contextual support decreased the overall RTs on the ongoing task for the PM ordered group relative to the PM random.
RT subinterval analysis. As in Experiment 1, we investigated the pattern of cost across the ongoing task subintervals, shown in Figure 2 . A 2 [group] ϫ 3 [subinterval] mixed ANOVA failed to produce a main effect of subinterval, F(2, 200) ϭ 1.45, p ϭ .236, but the main effect of group was significant, F(1, 100) ϭ 5.68, p ϭ .019, p 2 ϭ .05, and importantly the interaction was significant, F(2, 200) ϭ 10.02, p Ͻ .001, p 2 ϭ .09. As in Experiment 1, separate ANOVAs for each group with the repeated measure of subinterval indicated no effect of subinterval for the PM random group, F(2, 98) ϭ 1.33, p ϭ .268, and a significant effect of subinterval for the PM ordered group, F(2, 102) ϭ 16.22, p Ͻ .001, p 2 ϭ .24, and follow-up tests showed that the PM ordered group had faster RTs in Subinterval 1 than in Subinterval 2, t(51) ϭ 4.69, p Ͻ .001, but the second and third subintervals did not differ, t Ͻ 1, p ϭ .948. In planned comparisons we found faster RTs for the PM ordered group relative to the PM random group in the first subinterval, t(100) ϭ 3.32, p Ͻ .001, but the difference only approached significance in Subintervals 2 and 3, t(100)s ϭ 1.84 and 1.81, ps ϭ .068 and .073, respectively. PM performance: Hits and false alarms. Means for the measures of PM performance are shown in Table 2 . We found a trend toward better performance as measured by lenient PM hits 11 for the PM ordered group than for the PM random group, F(1, 100) ϭ 2.91, p ϭ .091, p 2 ϭ .03, but this did not reach significance. The groups did not differ for strict hits, F(1, 100) ϭ 2.32, p ϭ .131, or in conditional prospective memory accuracy, F Ͻ 1, p ϭ .694. Although the number of false alarms was reduced so that both groups now made on average less than one PM false alarm, the number of false alarms was significantly higher in the PM random condition than in the PM ordered condition, F(1, 100) ϭ 10.17, p ϭ .002, p 2 ϭ .09. Twenty-two participants in the PM random condition made at least one PM false alarm, compared with 13 participants in the ordered condition.
Posttask target recognition and errand recall. The corrected hit rate 12 on the posttask test of target picture recognition did not vary significantly as a function of group, F(1, 100) ϭ 2.33, p ϭ .130, (random: M ϭ .85, SE ϭ .04; ordered: M ϭ .92, SE ϭ .03), nor did the proportion of errands correctly recalled for each target location picture, F Ͻ1, p ϭ .782, (random: M ϭ .93, SE ϭ .02; ordered: M ϭ .94, SE ϭ .02).
Summary. As in the first experiment, participants shown the pictures in order were able to benefit from this familiar contextual information both in terms of a reduced overall RTs on the ongoing task and in more effective allocation of resources across the ongoing task, with the increase in ongoing task RTs occurring as they approached the target locations. The more effective allocation of resources produced an overall decrease in cost, while leaving PM performance unaffected.
Experiment 3
The third experiment asks whether the pattern of costs seen in the ordered condition will generalize across a longer span of trials. To this end, one condition performed only the last errand task, which occurred at the end of the second block of the ongoing task. We expected this PM late group to show an increase in RTs at the end of the ongoing task relative to their RTs on earlier ongoing task trials, mimicking the pattern seen within subintervals in the first two experiments. For a comparison group, we included a condition that performed only the very first errand task, with the expectation that the two groups would be similar at the start of the ongoing task when both groups have delayed intentions, but that the groups would differ at the end of the ongoing task with the PM late group having longer RTs relative to the PM early group during the last portion of the ongoing task trials. Once the PM task is completed, the PM early group no longer needs to devote resources to the PM task and therefore may show faster RTs in the subsequent trials of the ongoing task (e.g., Harrison & Einstein, 2010) . 10 Ongoing task accuracy showed no effect of group for either baseline Block 1 (M ϭ .92, SE ϭ .01), F Ͻ 1, p ϭ .358, or Block 2 (M ϭ .87, SE ϭ .01), F(1, 100) ϭ 1.96, p ϭ .165. In contrast to Experiment 1, the effect of trial type was significant in Block 1, F(1, 100) ϭ 6.98, p ϭ .010, p 2 ϭ .07, with No" responses made more quickly than "Yes" responses. Group did not affect baseline RTs and did not interact with trial type, p ϭ .564, and the pattern of RTs was the same for both trial types, we therefore collapse over this variable in the text.
11 One participant in the PM ordered condition pressed the 0 key on the trial immediately following a target trial. This was counted as a correct PM response.
12 At the recommendation of a reviewer, we also separately compared uncorrected hit rates and false alarm rates on the posttask target recognition test. The two conditions did not differ on either the hit rates, p ϭ .132, (ordered: M ϭ .96, SE ϭ .01; random: M ϭ .96, SE ϭ .01) or the false alarm rates, p ϭ .271, (ordered: M ϭ .07, SE ϭ .02; random: M ϭ .11, SE ϭ .03). This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
This experiment contributes to the overall study in three ways. First, Experiment 3 provides an additional replication of the findings of the prior two studies. Second, the third experiment extends those findings to a longer duration format thereby increasing generalizability and suggesting replicability in additional tasks in future studies. The third motivation for the extended format used in Experiment 3 relates to the reanalysis of data, which is presented following Study 4. In the reanalysis we examine a proposal made by PAM theory that suggests that we make decisions about engaging preparatory attentional processing at points of transition. The data from Experiment 3 will provide additional information about the validity of this proposal when the PM target event is more distant and will provide information about whether transition points will still serve as decision points when the intention has been completed.
Method
Participants and design. Participants received course credit and were randomly assigned to either the PM early group or PM late group.
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Materials, equipment, and procedure. The materials, equipment, and procedures matched those of the ordered condition of Experiment 2, except that participants received instructions and saw the target location for just one errand task. The target location for the PM early group occurred on Trial 23, whereas the target location for the PM late group appeared on Trial 118 of Block 2.
Results and Discussion
Ongoing task. The same data preparation procedures were applied in this experiment.
14 Overall RT analysis. The RTs for each block, shown in Table  1 , did not differ between the two groups in the baseline Block1, F Ͻ 1, p ϭ .943, but did differ in Block 2, F(1, 82) ϭ 4.46, p ϭ .038, p 2 ϭ .05. Not surprisingly, given that the PM late group could not complete their intention until the end of the block, whereas the PM early group could complete their intention before even a quarter of the block was completed, the PM later group showed longer overall RTs relative to the PM early group.
RT interval analysis. We investigated the pattern of RTs across the ongoing task by binning trials into six approximately equal intervals, excluding the target locations and two trials following the late target locations (i.e., Interval 1 ϭ Trials 1 to 22, Interval 2 ϭ 26 to 45, Interval 3 ϭ 46 to 63, Interval 4 ϭ 64 to 81, Interval 5 ϭ 82 to 99, and Interval 6 ϭ 100 to 117 F(4.03,330.63 ) ϭ 2.58, p ϭ .037, p 2 ϭ .03 (with GreenhouseGeisser corrections for test of the within-subject effect and interaction).
Follow-up tests conducted separately for each group produced significant effects of interval in both cases Fs Ͼ 7.46, ps Ͻ .001, but, as can be seen in Figure 3 , the pattern of contrast effects were different in the two cases. To test our prediction that the PM late group would have the longest RTs at the end of the ongoing task block, we used a planned, simple contrast with the last Interval 6 as the comparison level. The analysis showed that the RTs in Interval 6 were longer than the RTs in each of the preceding intervals (ps Ͻ .001, except for the comparison to Interval 4 for which p ϭ .019). Thus, the PM late group showed the expected increase in RTs as the target location approached, as was seen in the subinterval analyses for Experiments 1 and 2.
For the PM early group, Interval 1 served as the comparison level to test the hypothesis that participants would speed up on the ongoing task after completing the errand early in the ongoing task. As can be seen in Figure 3 , participants in the PM early group did have faster RTs in Intervals 2 and 3 relative to Interval 1, ps Ͻ .001, but this advantage was irregular across the remaining intervals, with no difference between Interval 1 and Intervals 4 and 6, ps Ͼ .16, but faster RTs in Interval 5 relative to the first interval, p ϭ .008. Thus, completion of the PM task was followed by an immediate reduction in the cost to the ongoing task which was followed by a slight rise in cost across the last three subintervals. Perhaps the pattern shown in the early group reflects the combined influence of reduced costs with completion of the PM task with increased costs in later blocks due to fatigue. This latter possibility raises concerns that the pattern of longer RTs in Interval 6 for the PM late group is only attributable to fatigue. That concern seems unwarranted given that the RTs for the PM early condition in Interval 6 were no longer than their RTs in the first interval, whereas the PM late condition had longer RTs in Interval 6 relative 13 A sample size of at least 43 participants in each cell was targeted for a power of .85. Of 94 participants, four were excluded because they responded "no" on more than 80% of baseline trials, four continued to perform the practice PM task during Block 2, one had never taken a class on the main campus, and one was excluded because their cell phone rang during Block 2 of the ongoing task. Resulting power to detect mediumsized main effects and interactions in the interval analysis was .84.
14 Ongoing task accuracy showed no effect of group for either baseline Block 1 (M ϭ .94, SE ϭ .01), F Ͻ 1, p ϭ .458, or Block 2 (M ϭ .94, SE ϭ .01), F Ͻ 1, p ϭ .450. As in Experiment 2, "No" responses were faster than "Yes" responses, p ϭ .021, but the pattern of RTs was the same for both trial types and trial type and group did not interact, F Ͻ 1, p ϭ .990, we therefore collapse over this variable in the text. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
to the first interval, indicating additional slowing as the late target location is approached. The final planned comparison also argues against the fatigue explanation for the increase in RTs in Interval 6 for the PM late group. We also predicted that the RTs for the two groups would be similar in Interval 1, but that the PM late group would have longer RTs in the later Intervals. Consistent with this expectation, the groups did not differ at Interval 1, F(1, 82) ϭ 1.01, p ϭ .319, but did differ across Intervals 2, 3, 4, and 6, with significantly longer RTs for the PM late group, all F(1, 82)s Ͼ 4.52, ps Ͻ .037, p 2 s Ͼ .05, and a trend for such a difference in Interval 5, F(1, 82) ϭ 3.08, p ϭ .083, p 2 ϭ .04. If the PM late group's increased RTs in Interval 6 relative to the earlier intervals were simply attributable to fatigue and not to an increase in the allocation of resources to the PM task, we would not expect to see the greater RTs in Interval 6 for the PM late group relative to the PM early group. Thus, the results indicate that the increased RTs in Interval 6 relative to earlier intervals for the PM late group indicates an increase in allocation of attention to the PM task as the target location is approached.
PM performance: Hits and false alarms. Correct PM performance did not differ between the PM early and PM late groups, p ϭ .797, and all participants entered the correct errand description after pressing the zero key. Only one participant, in the PM early condition, made a PM false alarm (on the first trial of Block 2). All participants correctly recognized the target photograph and recalled the action.
Summary. The pattern of increasing RTs as participant approached the target location that was seen in the first two experiments for multiple errand task was replicated across the entire ongoing task when just one errand was to be performed toward the end of the ongoing task. Thus, participants appear to use contextual information within the ongoing task on a small and larger scale to more effectively allocate resources between the ongoing and PM task.
Study 4 -Identification of Location Transition Points
The first three experiments provide clear evidence that aspects of a familiar environment can be used to calibrate the allocation of resources to the PM task. Contextual information apparently influences the decision to increase resources devoted to preparatory attentional processing as the target event becomes closer in space. The data of Experiment 1, however, suggest that presence of delayed intentions detracts capacity from the ongoing task even at considerable distance from the PM target. The ordered context condition in the first experiment showed a cost relative to the no PM control even in the interval most distant from the photograph representing a PM target. As interpreted by PAM theory (Smith, 2003) , these data indicate that preparatory attentional processes have been engaged even though the PM target is distant. If familiar context can be used to allocate resources to monitoring, why would resources be deployed when the PM target is not close? The fourth study addresses this question by testing PAM theory's assumption about the initial engagement of preparatory attentional processing.
The assumption in question is that points of transition initiate decisions about allocation of attention to up-coming PM tasks. If the PAM theory is correct in proposing that decisions are made at points of transition, we would expect to see evidence of these decisions reflected in RTs to the ongoing task at these transition points. Such evidence has been provided for transition between activities . In the Smith and Loft study participants completed blocks of an ongoing task in which the PM task was relevant and blocks in which the PM task could not be performed. Cost to the ongoing task was greater in the PM relevant blocks than in the PM irrelevant blocks. Moreover, in their third experiment with more trials in each block, Smith and Loft demonstrated that the cost in the irrelevant blocks occurred only at the start of the block, suggesting that participants make decisions at this point about whether the PM task is relevant and if it is not, preparatory attentional processes are disengaged. Thus, the Smith and Loft results are consistent with the proposal that decisions about allocation of resources to the PM task occur at points of transition.
The purpose of Study 4 was to establish the points of transition in the stimuli used in the first three experiments. This information will then be used in additional analyses of the RT data from Experiments 1 to 3 to determine whether evidence can be found for slower RTs at points of transition between locations when location was relevant to performing the PM task.
To determine transition points in the space defined by the series of photographs, we drew from the literature on event perception. Research on event perception assumes that normal perception entails parsing the flow of information into discrete events where events are defined as "a segment of time at a given location that is conceived by an observer to have a beginning and an end" (Zacks & Tversky, 2001, p.17) . Fundamental to the study of event perception is the ability to identify boundaries separating meaningful events . Newtson (1976) developed a procedure in which participants watched a movie and simply pressed a button whenever they judged a new event began. This procedure now has been applied across a variety of material types and has been shown to yield reliable event-boundary judgments across viewers and within viewers across time (Newtson, 1976; Speer, Swallow, & Zacks, 2003; Zacks, Speer, Swallow, Braver, & Reynolds, 2007) . We applied a similar technique to our photographic stimuli to establish the boundaries between perceived spatial events in the scenes depicted by the photographs.
The fourth study begins with a new group of students whose only task was to indicate when a picture in the array indicated a transition point between locations. The consensual transition points were then used to classify photographs as transition and nontransition.
Method
Participants. The 82 participants, who were UTSA introductory psychology students, received course credit for participation.
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15 From an original 98 participants, 16 were excluded for the following reasons: (a) three participants whose cell phone rang during the experiment, (b) one participant who was falling asleep during the task, (c) six participants who never pressed the SHIFT key and three additional participants who pressed the SHIFT key just 1, 3, or 4 times indicating that they failed to understand or to follow the instructions for the task, and (d) three participants who indicated new locations for more than 25% of the photographs (more than two SD from mean number identified). This document is copyrighted by the American Psychological Association or one of its allied publishers.
Materials and procedures.
The same photographs shown in the ordered conditions in the previous experiments were shown to participants. Participants viewed the photographs twice, but did not complete the ongoing task. Prior to the first block, used to familiarize the participants with the path depicted in the photographs, participants read the following instructions:
In this experiment, you will be shown a sequence of pictures that depict a walk through campus. The walk follows a path beginning at the south parking garage and proceeding through several buildings and various walkways. Please pay careful attention to each picture and the progression the walk takes so that after it is over, you could describe the path to someone else who is familiar with campus.
The photographs were then shown for 1 s each. After the first block, participants read the following instruction for determining location boundaries:
In this experiment, you are going to see a series of pictures of the campus, and we want you to imagine that you are taking the walk across campus as shown in the pictures. The pictures will be shown one at a time and you will advance each picture by pressing the SPACEBAR. As you take the walk, you sometimes will notice that you have entered a clearly different place on campus than the one you were in. We are interested in when you think a new place begins. When that happens, we want you to press the SHIFT key.
Participants were shown the second block of photographs, also in order, and completed the self-paced location boundary identification task.
Identification of new location trials. We first determined the proportion of participants pressing the SHIFT key for any given photograph (excluding target trials and the two trials following each of the four target locations). The proportions ranged from 0 to .91, with 17 photographs receiving no SHIFT presses from any participants, and another 22 receiving a SHIFT key press from just one participant. Overall the mean proportion of participants pressing the SHIFT key for any given picture was .14, SE ϭ .02 with a median of .04.
Often it was the case that clusters of photographs would be identified as a new location, for instance just outside of a door or just inside of the door, with some participants identifying one or the other or sometimes both as a new location. Therefore, we designated 15 sets of photographs representing new location by first identifying any single photograph for which more than 20% of participants had pressed the SHIFT key (this is more than three standard deviations above the mean) and including in the set for this new location the two adjacent photographs. Typically the interval included three photographs, but in four instances four photographs in a row received high levels of SHIFT key presses. A total of 49 photographs were included in these new location intervals.
We next determined for each of these 15 sets the proportion of participants who pressed the SHIFT key to at least one of the photographs in the set. This procedure avoids over-counting participants who pressed the SHIFT key on more than one photograph in a given set. Across the intervals, the mean proportion of participants who pressed the SHIFT key at least once during the interval was .75, SE ϭ .06. In contrast, the average proportion of participants who pressed the SHIFT key for any given photograph outside of the new location sets was just .03, SE ϭ .01.
Additional Analyses of RT Data From Experiments 1 to 3
As just described, participants' responses in Study 4 were used to determine the mean ongoing task RT for both transition and nontransition photographs for each participant in Experiments 1 through 3. These means then were used to calculate a transition cost reflecting the difference in RTs for the two trial types for each participant. For Experiments 1 and 2, we expected this transition cost to be larger for the PM ordered conditions relative to the random or control conditions because location is relevant and useful for the PM ordered conditions to complete their task goals. In the PM early condition of Experiment 3, location is only relevant for the first 23 trials and therefore this condition would be expected to show a reduced transition cost relative to the PM late condition of Experiment 3.
For each participant in the previous experiments we calculated a mean RT on trials that were considered transition points, excluding the PM target trials and the two trials following each target trial, and a mean RT for trials considered nontransition points. For participants in both groups of Experiment 3 we included only the trials that occurred after the PM target location for the early PM group, as the groups were expected to differ after the early group had completed their task. 16 We then calculated a transition cost by subtracting the mean RT for nontransition trials from the mean RT for transition trials. The transition cost can be seen in Figure 4 .
The control group 17 in Experiment 1, which only performed the ongoing task, provides important baseline information about the relative speed of responding inside and outside of new location windows. As shown in Figure 4 , the control group had a negative transition cost that was different from zero, t(38) ϭ 5.43, p Ͻ .001, indicating a significant practice effect for the transition trials relative to the nontransition trials. Recall that the photographs included between 0 and 11 people, with the number of people in each picture being equally distributed across the 120 trials and an equal number of "yes" and "no" trials. We examined the stimuli for the transition trials and found that they were well matched to the overall make-up of trials: 49% of the transition trials had the correct response of "yes" and 45% included 4 or fewer people (allowing for rapid "no" responses), comparable with the 50% and 42%, respectively, in the stimuli overall. However, nine of the 15 location transitions occurred after Trial 60 (out of 120), thus the transition trials likely have had a greater benefit from practice effects across the task for participants in the control group.
If participants in the ordered condition are making decisions about engaging preparatory attentional processes at the points of transition, then resources available on these transition trials will be reduced to a greater extent than on the nontransition trials. Therefore we would expect the practice effect to be reduced for the PM ordered condition in the first two experiments. Similarly, the PM late condition should show a reduced practice effect relative to the early PM condition in Experiment 3. The PM random conditions of the first two experiments may show a reduced practice effect given that the task is now different in Block 2 for these conditions, whereas the control group performs the same task in both blocks. 16 The early and late groups did not differ in the RTs on the transition trials before the early PM target location, p ϭ .507, but interpretation is limited because this included only three RT observations per participant. 17 We first compared the transition cost for the two subsets of the control group in Experiment 1 and these subgroups were not different, t Ͻ 1, p ϭ .872. This document is copyrighted by the American Psychological Association or one of its allied publishers.
We first examined the results from Experiment 1, for which an ANOVA with the between-subjects factor of group and dependent variable of the transition cost shown in Figure 4 produced a main effect of group, F(2, 115) ϭ 4.21, p ϭ .017, p 2 ϭ .07. Follow-up LSD test showed that the PM ordered condition had a significantly larger transition cost relative to the control condition, p ϭ .004, but the transition cost for the PM random condition did not differ from the control condition, p ϭ .151. Although numerical difference between the two PM groups did not reach significance in the LSD test, p ϭ .151, the pattern for the two groups is clearly different in the comparison to the control condition.
The analysis for Experiment 2 produced a significant difference in the transition costs for the two PM groups, F(1, 100) ϭ 4.25, p ϭ .042 p 2 ϭ .04. As expected the transition cost was greater for the PM ordered group than for the PM random group. Similarly, the two groups in Experiment 3 also differed, F(1, 82) ϭ 4.42, p ϭ .039, p 2 ϭ .05, with larger transition costs when the PM task occurred late in the ongoing task. In addition, the PM early group now shows a significant practice effect, t(41) ϭ 5.75, p Ͻ .001, indicating behavior more like the control condition of the first experiment once the PM task has been completed.
In summary, the results of the analyses of transition costs are consistent with the proposal that transitions between locations can serve as decision points for allocation of resources between the ongoing and PM tasks. For the ordered conditions, location is relevant to their intentions throughout the ongoing task, leading to larger transition cost for the PM ordered condition in the first two experiments and for the PM late condition of Experiment 3.
General Discussion
In three experiments we found that familiar contextual information could be used to more effectively vary the allocation of attentional resources to the PM task, thereby reducing costs to the ongoing task while maintaining high levels of PM performance. The current results are the first of which we are aware that demonstrate that allocation of resources to the PM task can be affected by the ability to anticipate the occurrence of event-based target locations within the ongoing task. As discussed in the introduction, prior research had demonstrated that participants could allocate efficiently between relevant and irrelevant blocks of the ongoing task (see for review), but not within a particular task context, thus the first three experiments provide new and important information. A fourth study provided evidence supporting the PAM theory's proposal that decisions about the need to engage preparatory attentional processing are made at points of transition, in this case at points of transition between environmental locations. Again, these are the first data to provide such evidence for transitions between locations rather than transitions between ongoing task activities . The results highlight the importance of careful consideration of the relationship between the ongoing task and PM task. Both of these issues are considered in the following discussion. These results also have implications for how PM is viewed at a broader level, particularly the distinction between time-based and event-based PM, which has played a pivotal role in the way that researchers think about PM.
Prospective Memory in Context
Successful performance of an event-related delayed intention requires perception of an event as the target of an intention. That is, if my intention is to tell Fred the joke, my perception of Fred when next encountered must go beyond recognizing Fred as Fred to also include the information that something is to be done in Fred's presence. In the case of nonfocal event-based tasks, there is now consensual agreement that successful PM comes at a measurable cost to the ongoing activities, as was evident in both the ordered and random conditions of our experiments. PAM theory (Smith, 2003) included the assumption that preparatory attentional processes are an integral component of PM, in that these processes prepare the system to perceive events as targets of intents. Once the intention to do something has been retrieved, PAM also includes assumptions about the role of retrospective memory to determine what is to be done. A model containing the prospective and the retrospective components has consistently provided a good fit to the data (Smith & Bayen, 2004; see Smith, McConnell Rogers, McVay, Lopez, & Hunt, 2014 , for reviews of applications of the model). However, application of the model and the theory to day-to-day activities faces a plausibility challenge. Given that preparatory attentional processes consume limited resources and given the sheer number of delayed intentions formed and completed in a normal day, how is it possible to successfully monitor for all the targets of all of the intents and simultaneously perform other capacity consuming tasks? This question is addressed by this project.
The results of the first three experiments clearly indicate that the capacity demands of preparatory attentional processes for a particular delayed intention are not constant in a predictable environment. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Rather the resources devoted to the PM task are directly related to the spatial proximity to the target. Thus, it appears from the data that information from a familiar context can be used to modulate the allocation of resources in an efficient fashion, enabling more intense monitoring as the target approaches. The context allows predictions about upcoming events and resources are allocated accordingly. On completion of a particular PM task, more resources become available to devote to other intents. According to PAM (Smith, 2003 (Smith, , 2008 (Smith, , 2010 , the decision about devoting resources to intentions is made at transition points. For example, once I finish writing this section of the paper, I will stop and think about what to do next. In many cases, the decision process may be less obvious and aware than this example, but previous research has shown that transition between activities is accompanied by decisions about allocation of resources to ongoing activity . Our fourth study showed that points of spatial transition in the ordered condition exerted reliably greater cost to the ongoing task than in either the random condition or the control condition (see Table  2 ). Such cost is consistent with the occurrence of a resource demanding decision process. The cost would not be expected in the control condition because no PM task was required and location boundaries had no relevance for the ongoing task of detecting the number of people in the photographs. The cost also would not be expected in the random condition because either no segmented events are perceived or less likely, the perceived events are not bounded by the same locations as in the ordered condition. We return to the application of PAM theory to explain context effects following a discussion of alternative views of cost to the ongoing task.
Alternative Explanations of Cost to the Ongoing Task
As noted in the introduction, Heathcote et al. (2015) offer a different interpretation of cost to the ongoing task, proposing that at least in some cases the cost reflect a resetting of the threshold to respond to the ongoing task rather than a sharing of capacity between the ongoing and PM tasks. From this perspective, the cost seen at points of location transition could reflect a decision for setting the threshold and any cost in between the location transitions could reflect the higher threshold for the ongoing task rather than a sharing of capacity. Our results do not speak to this distinction. However, as also noted in the introduction, our task matches the qualities that Heathcote et al. specify as leading to the potential for evidence of capacity sharing. More importantly, our reading of Heathcote et al.'s description of their model and the theory behind the model provide no indication that their model would make an a priori prediction regarding either the pattern of increasing cost to the ongoing task across the intervals in the ordered condition. Although the post hoc interpretation of a setting of the threshold at points of transitions can easily be applied, we also see nothing in the Heathcote et al. study to indicate that this prediction would be made in advance. This is not a criticism of the work presented by Heathcote et al., but illustrates what Heathcote et al. acknowledge: they have presented "a theory and model of ongoingtask performance, and not of PM performance" and their "model does not provide the specific mechanisms responsible for PM performance" (p. 404).
Another alternative explanation is provided by Guynn's (2003) two process model of strategic monitoring (activation/retrieval mode ϩ checking) in which the PM intention is maintained in an active state (Stage I) and this active state of maintenance can then be followed by checking for the presence of PM targets (Stage II). Guynn discussed the role of context in terms of experimental trials on which the PM task was relevant (i.e., trials on which the PM target could potentially occur and the PM task could be performed) and control trials on which the PM task was irrelevant (i.e., trials on which the PM task would not be performed). When control and experimental trials alternate randomly, both stages of monitoring will be engaged on both types of trials. When the experimental and control trials are blocked, neither type of monitoring would be expected for the control trials. Applied to the current findings the increased RTs for the random conditions relative to the ordered conditions (in the overall analysis) would be explained as a result of engaging Stage I and Stage II monitoring continuously in the random condition (similar to alternative experimental and control trials), while only engaging in Stage I monitoring in the ordered conditions. However, it is not immediately apparent how Guynn's model would explain the regularity in the variation across the intervals in the ordered conditions of Experiments 1 and 2 nor the increase in RTs across the late condition of Experiment 3 (see for discussion of similar limitations for Guynn's model in explaining context effects outside of the PM relevant ongoing task). Finally, the predictions regarding the importance of new locations would not arise from the two stage model.
A third alternative is offered by Scullin, McDaniel, and Shelton (2013) in their revision of MPV, the Dynamic Multiprocess View (DMPV). They propose a relationship between spontaneous retrieval and monitoring such that monitoring for the presence of a target of delayed intention is only initiated following spontaneous retrieval of the intent in the presence of the target. In contrast to our goal, Scullin et al. set out to explain PM performance when the context does not correlate with the opportunity to respond. Scullin et al. provide the example of intending to give a colleague a message sometime during the work day, but failing to complete this intention because you do not encounter the colleague during the day. If you then encounter the colleague in an unanticipated meeting at the gym that evening, the occurrence of the target event (your colleague) will spontaneously retrieve the intention. Scullin et al. propose that once the intention is spontaneously retrieved this will lead to strategic monitoring. Thus, the dynamic quality is that participants can switch from reliance on spontaneous retrieval to strategic monitoring within a task context in response to encountering an intention related event.
In Scullin et al.'s paradigm, participants were required to press the Q key when either the word Table or Horse appeared. Each word occurred once in each of three ongoing tasks (six events in total, each requiring pressing of the Q key), but participants were not given this information in advance. No cost was found before the first target in each of the different ongoing tasks, but a cost did occur after the first target appeared. Note that participants had multiple targets related to the same intended action. It is not entirely clear how the dynamic switch to strategic monitoring in that paradigm relates to real world tasks that typically are one-off tasks, such as give the colleague a message. Once the message is delivered, monitoring that intent is no longer necessary. This is an important consideration because monitoring is specific to particular intentions. Thus it appears that unless the same response is required to two different cues, as was true in their experimental paradigm, the DMPV essentially argues that retrieval of unique intentions is always automatic. In any event, the paradigm used to introduce DMPV differs is two important ways from the preparation we used here. In our study the occurrence of PM target predictable from the familiar context used in our ongoing task, but our This document is copyrighted by the American Psychological Association or one of its allied publishers.
paradigm also requires different responses to each different PM cue, albeit the same key press is required. Our data clearly contain a cost to ongoing performance in both the predictable and unpredictable contexts, and this cost varied in a way predicted by the PAM theory. It is less clear that these alternative views can fully explain our findings or that they would predict the specifics of our results in advance.
The Role of Event Perception in Prospective Memory
In the effort to understand the use of familiar context in PM, we propose considering the interface of PAM theory of PM with eventsegmentation theory of event perception (e.g., Zacks & Sargent, 2009) . Event segmentation theory (EST) assumes that the ongoing stream of experience is segmented into events in the course of natural perceptual processing. Event segmentation is argued to be a by-product of mechanisms evolved in support of a more efficient, predictive perceptual system. The theory assumes that perceptual processing is guided by event models, which are working memory representations of one's conceptualization of "what is happening now." Event models are constructed from a combination of current sensory information and permanent schematic knowledge, and their primary function is to allow prediction of the near term future to assist perceptual processing. Zacks and Sargent (2009) give the wonderful example of seeing a pitcher wind up and complete the throwing motion. The event model allows the perceptual system to anticipate the ball leaving the pitcher's hand in the direction of home plate. Actually perceiving the ball on its way to home plate when thrown by a skilled pitcher is greatly facilitated by the perceptual system's anticipation of the event.
We speculate that the interface of EST and PM begins at event boundaries. EST argues that event segmentation occurs when the predictive value of the current event model wanes, which happens in the region of event boundaries. At this point the event model is reset in working memory. The point of reset corresponds to PAM theory's point of transition, where PAM theory argues that decisions are made about what to do next. When the stream of ongoing experience changes sufficiently to reset the event model, we propose that the construction of a new event model can include information about delayed intentions. That is, the event model now includes expectations of a PM target. Our speculation fits with the fundamentally important function of regulating resources over time attributed to event models . Information in the event model about upcoming PM targets controls the initiation and modulation of preparatory attentional processing. Also consistent with our speculation are the data showing that RT to the ongoing task in the ordered conditions slows at boundary photographs. We interpret this slowing to reflect decision processes about upcoming tasks, included as part of resetting the event model. Indeed the data suggest that the decision about upcoming tasks is the principal target of resources at transitions: in the absence of additional intentions (i.e., the control condition of Experiment 1) RTs to boundary photographs did not increase.
Although speculative at this point, the blending of the processes of event perception specified by EST and of PM specified by PAM is a potentially fruitful avenue for future research in PM. Common to both conceptualizations is the goal of enhancing future perceptual processing. EST is aimed at perceptual processing in general whereas part of PAM's focus is on the particular perception of the target object as the opportunity to realize a delayed intent. Cognitive control is central to both theories but in a complementary way. For EST, event segmentation regulates resources such that processing becomes intense at the point of boundaries, "event segmentation does not itself require attention; rather it implements a mechanism of attention." (Zacks et el., 2007, p 276) . For PAM, preparation of the system to recognize a PM target as such is resource consuming, and EST provides a theoretical pathway for understanding the initiation and modulation of those targeted resources. The data of our fourth study are consistent with this speculation and are a promising start to further exploration of the coaction of the two theories for investigating PM.
